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Conirol Tower Language = o s

Lotek AN WL T Bumny
Heman Rezinrges )\'mmrall Iulmmh'rm Daliipg Alr Foree Bure, Washington, I‘ ¢
{ieeciverd July 11, 1982)

Shanoon und otheo haye eathnaied that written Bnglish ia abiost 60 percent redundant, ‘These eatimates
are arrhved wf by considering lingudatic conatraints on our wen ol apeech eymbolsy they da ot cousider
additiopul centeivtonw Inposed by the atbience aod e sbuation me which G speaker findgs himaeli, Ty
pgdder toextinate the elects of sich nondioguistic vomtritinges, an indormatioial anstysia has heen made of
the “sublumiiage” ured i D control ol adreraft e Niv Poree contrnd tower opetntors, When tha slturtionad,
s well i bigaintie, routexta me taken into account, the eativicd redundancy §s rabsed 1o 96 percent,

v m——

I_ OW Informutive a piven speech sample is--how
much we say depends (o a doree extent on how
much we mipht five said,

eSpenking Enplish" imposes certiin constraints on
our une of Hngaistic svimbols, Phe imdividual elements
phonemes, fetters, words--which make upoour vl
nhry are not used equally often and they e not con-
hined at madom, haeldition, the roles of pranumer ol
Che destre to nude sense mipose testietions an the
order inowhicl proups of these svidbois e sieusige
toprether, Finoshort, knowing the Bugnsgae ob the speaker
implies that we know qunte a ot abont the tades wing I
p',n\'“.'ln s sebection of speech svimboi= Teomesns thl
we are fess uncertain abwond whod wond be and S v
wouhd be it the speaker dud oo aperate under The
Lnoswn reslrictiony.

Hoswe detioe miformmiios Diassimisston e ths tate o
chstge I aur d pricrs uneertontyv, then we il
Pl The Foagdish ngiesee s onn ey fess odormation than
woennld conves . The reducbion e sivonmatmn Hed
orcurs when we paes o whnt oopht Tave heey
il (piven the wone voehaliey s toowlid wegualty e
midd s ciadled] Credimbaey” .

Speciand lnmguigees  sant, pator, tevieed tali --all
invidve addiionnl vestrctnnes aad, 1or the stened
fumthine wath thems entait mereesed redumbanes
Whitt, we wish (o do here in to consider one parhicalag
subligage of Foglih end estimate the rednenon
information transmnision rome wing conld be 1
mited using ﬂl|nh»i|wlic‘.‘l| seguences, The bogniage
considered s Ut used e the cantiol of sureeall by
the operator ol control Tower ot nuhiiaey airhase.
B s madde up of sentenses e Ui Boree 5201
Keady sumber one in Like ol position, Qver ' O
clviend your base, We bive s E-51 on tinal”

Phese imessgres forne asuhset o the setof alb posabile
Poglish sentences winche e tien s o nubset sl il
possifde Fnglishodetter sequences, :

Wit this qaenns can be illustrated tanly A-mmh
Al that T e guire B3 Tor von to imaptinge: (et of uil
prvssibile praanzintions ol e English alphitbicl sud-
sprce wviihol Ench point e this el |u|nwzcnl~ 1
|nmmhln sscpenvie nf lelters, : e

AV could now, i principle, po thrsugle ‘Wis m‘l uf
fetter sequenves and select ual those sequenves th u arg.,

‘x‘)‘i

ST The messngew Ve pllnm prediclod-Tur i
easily split up ot fontanbundts-

acceptuhle as Foglish sentences. "This will cleatly cut

down the vize of ooy original set. The knowledge that

we nre aperaiing within s sulmu! of English senmtences

reduces our inibial uncertndnty, And Shannon' hos

developesdt o teelmique that permits ug 1o estimate

how el this reduction amotints o, Easontiudly, we

ask our sulijects Lo guess al successive letlors of linglish

text, When we o this, we fid thut the subject cun’
exploit his implicit knowledge of the statistical structure-
of the Tugrape and predict the Fagglish - sequence:
vorsidennbiy better than he van predict sequences of
fetters chosen al rndon, .

I we mow ask the siune subiectt to guess ot the text
of vondrol tones e, we g that prediction is
stll Tuether improved, Phe ancertainty of vur sehicets
wan, v the avergee, shout 28 pereent of thele vineeps:
tatty v dimg rnndom sequences of Jetters i) spinces

(vt 1, of vourse, subijects wlhiy are Tamilinr with
control tower Tanguape, They were, fn T, Fontral
tower operiadors, (Aetaatly, people whoare not prae oo
i this stmnge sublunguage do - just nbhout. an welly
The adrplane i dw contral hine uppurunlly heen
absoched into our nguistic cultues)..- - =2 :

However, thin i slill an overeatimnte of- tlw ipes
certainty, or unpredictabilivy, of mossiges In the nctunl
situntion. The fiyire ahove boarrived'at when we selegts
letter sequences it ranidom from e 36t of ndimlssihly”
tower snessyes, Ty giver instiaee, the: mrmmxgejﬂ.
of cowrse, ot generated b vadom, e pilot,. Lo
exanple, knows whether he is lundingg o -tlsmﬂ ofl. aunl
(e (ihe situational contest) Taether rwlrwls the e

of potalde mensigeen. -
ler 1o estimate these d-um.lumul u)mtmiuu
we dessithel aeemp ol hyseietionl - situstions: {o,
R At Voo |n|l--|'~. wind™ sz e 1a prcxhu. thes
fremr rersres For prclion! reanons A conld mot”
na’i(numﬁ

In o

R s fechpiene -

der Blbanbing hogue

ml""" r I'( \l”

Houde-rihei
:plmu‘wihu! Tiiver fhe
same wenndnge-eag, geat down wng Jocked, gear incthe

I (U IEORRTT T TN ulu(-sr oty wilh rrﬂpml 9 Hhe mmalmy i
ur p]n'! unmw nnm-.‘»'vw':rumv
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a1, Selismatic reprerentation of the reduction in size of the
message wel snd comnegquent reduction in uncestainty (1) an
additionsl message renttictions nee taken into acvount.

two zero. A mesnage w miide up of wosequence of these
message untte, And iUis at this level that the tymediate
situation secms to operate by determinimgg what messape
uniis will be selected wnid in what order they will ocenr.,
These unitg, thought of as letter sequenes, e subiject
to the Jinguistic constraints that we hine alreindy
estimated. in effect, we e the phvaicd situation
determining the gross uncerntinty of e messape om
termx of content units) wned the Lnpuiste consdnnt.
determining the uncertainty of tie units Gecaegquence
of leiters nnd spaces),

T To illustrate, det nwoconsuder o speciie cise e
pilot is tald: Yow are coming in to lond Ceding il
vistbility wnlimited, Vou have jist called in: idienns
Lirver, This is Afr Force 12350 Eight mites south of vons
station, Landing insicuctions please.”” Fach wlademen
sctr up ndditionnl restrictions on the set ol possible
LOWEr MOSKILKLOR,

I owe now Jook nt the aciund distribution of predicted
messages which we ohtained in thi case, we fual that
they are sequences of selections Som only 13 mesape
ults Furthermore, these elemenin o not appear with

AND w'

IJSUMux

1c(|uul hcqucmy, nor does uny. single messuge include

all 13 elements, A lurge number of possible messayges
“thun tum out 1o be impossible ~or at any rite highly
imprul»uhlv ‘The messuge ael b thus further reduced,

Lastly, this Innguage has, at the Jevel uf content
units, bwown peculinr granimer, knowi an R7 procedure,
The pilot knows this procedure (though onrm dida't
know it very well) and this procedure fixen the order
i which paetiewdar wnits are selected to mske ap the
predicied messnge,

With such wosmail snmple we cannot deterindne the
tutel elert of these wequentind depedencies in reatrict-,
ing the message class, Hul we can eslimate - these'
vonatraints over two or three units. When we do this
for this purticulur ense, we imd diat the pilot's uncers
finty of the message (i tenos ol content unlts) s
whout 80 percent less than it would have been-if the
utils were couidly kely amd mensagges were generited
by a random selection of content units (with no repealy),

This tgure of 80 percent varies somewhut with the
particular situntion, For the 15 different mluutions

Tothal we vhiose, 10 avernges 8o percent,

In other words, the situntional contest, including
the pilot s bnowledpe of procedures, reduces the grons
uncettamily ol the message abont 8o percent, Linguistic
constraints ednee the residual uncertainty, in terms of
ietter sequenses, another 72 percent—-giving us an
estmated edundancy, with respeet 1o what could
Ive been conveved unng letter aud spiee sequences;
ol approvimately Y6 percent, The entire ];rl)u.“ll i!
s rated an Py 1L

Fhiscvo o larpe bgure nnd any conmunication nym'm
whche tolerates oo mud e redundaney 14 in sone sense
methoent, The wituntion v nol ax b, however, s
mipht ot st be inmgined. This s 0 nolsy niy-tlt'.mjE
I prart, ab least, it is wvaidably noisy, It is also o
syalent with - dow tolerunes for orror-=planes ure more
expeoave than tesmission tinke or hand width=und.
reddundancy i an etfective e of combating nolse:
ined ervor, B other words, we may not transmit mueh’
infonnzanion, et what is transmitied is important and’
the high degree of redwidaney iy a form of msunmcc-“_.'
Aol of ranning Gieck on our fransmisaion,” T 7
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